Abstract
Introduction
Nonvalvular atrial fibrillation (AF) is the most common sustained cardiac dysrhythmia and the most frequent cause of cardio-embolic stroke. 1 Left atrial appendage (LAA) has been recognized as a major source of thromboembolism in patients with AF. 2 Many studies have shown the effectiveness of anticoagulation for stroke prevention in AF patients. Unfortunately, the percentage of AF patients on oral anticoagulation therapy in China is extremely low (approximately 2.7%). 3 The low rate of anticoagulant therapy for AF patients in China may be due to concerns regarding the possibility of excess bleeding related to the narrow safety window of the vitamin K antagonist warfarin and the need for frequent dose adjustment to maintain Inhibition of renin-angiotensin axis reduces the risk of thrombus formation in the left atrial appendage in patients with hypertension complicated by atrial fibrillation optimal international normalized ratio compared to Caucasian populations. 4 Hypertension is one of the most prevalent independent risk factors for AF. 5 The incidence of stroke is significantly higher among patients with AF complicated by hypertension. 6 The renin-angiotensin system (RAS), through the pleiotropic actions of angiotensin II, plays a key role in the pathophysiology of hypertension and AF. 7 Angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin receptor blockers (ARBs) effectively decrease blood pressure by suppressing the RAS. 8 In addition, inhibition of the RAS has been shown to reduce AF development through reverse remodeling. 9 Adverse remodeling of the left atrium (LA) is associated with thrombus formation in LAA. [10] [11] [12] Besides atrial remodeling, a growing body of evidence suggests pro-thrombotic effects of the RAS, through abnormalities in endothelial and platelet function, coagulation and fibrinolysis. 13, 14 Several studies regarding the antiplatelet, anticoagulant and profibrinolytic effects of losartan have recently been published. [15] [16] [17] However, whether the inhibition of the RAS directly exerts influence on thrombogenesis or plays a secondary role through the effects on reverse remodeling in AF substrates remains largely unknown. In this study, we tested the hypothesis whether the use of ACEIs or ARBs prevents LAAT formation in patients with hypertension complicated by AF.
Materials and methods

Study population
We conducted two observational studies in parallel by reviewing patients who were admitted to the Second Hospital of Tianjin Medical University with a diagnosis of hypertension and nonvalvular AF from 2010 to 2016. AF was defined as absence of P waves and irregular R-R interval in a 12-lead electrocardiogram or 24-hour Holter recording. The different types of AF were defined according to the European Society of Cardiology guidelines for the management of AF. 18 The first study included patients who underwent transthoracic echocardiogram (TTE) during hospitalization. Patients who never used ACEIs and ARBs, or used them less than three months were categorized into the nonuser group. Patients who used ACEIs or ARBs for at least three months were classified into the user group. 19 Demographic variables, clinical variables, echocardiographic parameters, and hemostatic markers were recorded. Patients who had been treated with anticoagulation therapy before the visit were excluded.
The second study enrolled 99 consecutive patients who underwent transesophageal echocardiogram (TEE) in our hospital. According to whether patients were using ACEIs and/or ARBs or used them less than three months during follow-up, they were categorized into the users or nonusers group. All included patients had at least two hospital visits; the starting day of follow-up was the first day the patient was diagnosed with both hypertension and AF (first admission). TEE was performed during every visit. Patients with a previous history of LAAT were excluded. Also, patients who had been treated with anticoagulation therapy before the first visit or during the follow-up were excluded. The occurrence of LAAT during the follow-up period, possible risk factors for LAAT on the first admission, as well as the use of RAS inhibitors during the follow-up period were recorded. Patients were followed for at least four months (mean duration = 26.6 months). The primary outcome of this study was the occurrence of LAAT (LAA thrombus and/or sludge).
Additionally, patients with significant valvular disease, previous valve replacement or reconstruction, intracardiac shunting, left ventricular (LV) systolic dysfunction defined as LV ejection fraction (EF) ⩽ 40%, acute myocardial infarction, hyperthyroidism, primary pulmonary hypertension, and respiratory disease were excluded from the study. Patients with inadequate echocardiographic images were also excluded. The local ethics committee approved the study protocol with all study participants providing written informed consent.
Echocardiographic measurements
Exams were carried out using a commercially available ultrasound system (IE 33, Philips Healthcare Inc). TEE examination was performed using a three-dimensional matrix array probe (X7-2t, carrier frequency 2-7 MHz); TTE methods were used on a 1-5 MHz phased S5-1 probe. All images were digitally stored and analyzed using off-line post-processing with QLAB Software packages.
The following parameters were assessed using standard views and techniques: 20 left atrial dimension (LAD), left ventricular end-diastolic diameter (LVEDd), LVEF, and the ratio of the early transmitral flow velocity and the early mitral annular velocity (E:e'), as measured by TTE. Tissue Doppler velocities were measured at the septal and lateral annuli using spectral Doppler tissue imaging. LA strain was estimated as the average of longitudinal strain data from the apical four-chamber, two-chamber and apical long-axis views. A total of 13 LA segments were analyzed. The LA peak systolic strain during ventricular systole was calculated by taking the mean for all 13 segments. LAA emptying flow velocity (LAA eV) was obtained on parasternal short-axis view.
Because it is generally difficult to observe the entire LAA by TTE, TEE has been thought to be a sensitive and specific method to assess LAA function and detect thrombus formation. 21 All TEE images were reviewed to determine the presence or absence of LAAT (LAAT (+) and LAAT (-)), spontaneous echo contrast (SEC), LAA ejection fraction (LAAEF), LAA filling flow velocity (LAA fV) and depressed LAA eV (<40 cm/sec) by pulsed-wave Doppler. 22 LAAT was defined as a circumscribed and uniformly echodense intracavitary mass distinct from the underlying LA or LAA endocardium and the pectinate muscles, and present in more than one imaging plane. 23 SEC was defined as dynamic "smoke-like" echoes with the characteristic swirling motion with optimal gain setting during the entire cardiac cycle. 24 It was graded according to the classification (1 to 4+) proposed by Fatkin et al. 25 When dense SEC (grade 3+ or 4+) was present and organized into a dynamic and gelatinous, but not solid or wellformed, echodensity present throughout the cardiac cycle, sludge was reported. 26 Sludge within the LAA has been independently associated with subsequent thromboembolic events in patients with AF. 27 Therefore, LAA sludge was categorized as LAAT. Representative figures of patients with preserved LAA sludge and LAA thrombus are shown in Figure 1 (a) and (b), respectively.
In patients with AF, echocardiographic parameters such as LA strain were calculated as mean values from five cardiac cycles. We carefully measured parameters only in those cycles in which the preceding and measured cardiac cycles were nearly equivalent.
Statistical analysis
Continuous variables were expressed as a mean ± standard deviation (SD), while categorical variables were expressed as a number or percentage. Chi square test was used for nominal variables and Student t test was used for comparison of continuous variables, where appropriate; the Levene test was used to check the homogeneity of variance; equivalent nonparametric tests were used when KolmogorovSmirnov was in favor of absence of normal distribution. The Kaplan-Meier method was used to estimate time to LAAT for the RAS inhibitor user group and nonuser group. The log-rank test was used to compare differences in time to LAAT between the RAS inhibitor user group and nonuser group. Univariate and multivariable analyses were performed using Cox proportional hazards regression. Variables that showed a p value less than 0.1 by univariate logistic regression analysis were entered into the multivariate analysis. All p values were two sided with a level of 0.05 for statistical significance. All statistical analysis was performed using SPSS (version 23.0, SPSS, Chicago, IL, USA).
Results
TTE study
A total of 131 patients who underwent TTE during hospitalization were included. The mean age of the study population was 62.1 years, 56.5% were male. Among these patients, 58.8% (n = 77) patients were using RAS inhibitors. The demographic and clinical characteristics, echocardiographic parameters and hemostatic markers were compared between the RAS inhibitor user and nonuser groups (Table 1) .
LA peak systolic strain, LAA emptying velocity, E:e' ratio and LAD were significantly lower in ACEI/ARB nonusers compared with those who used an ACEI/ARB (p < 0.05). No significant differences in LVEDd and LVEF between the ACEI/ARB user and nonuser groups were observed. Higher levels of D-dimer and fibrinogen were observed in ACEI/ARB nonusers compared to users (p < 0.05, Table 1 ).
TEE study
Patients with a diagnosis of AF and hypertension who had at least two hospital visits and underwent TEE at each admission were identified from 2010 to 2016. Patients who had been treated with anticoagulation therapy before or after the first visit were excluded. In addition, patients with a previous history of LAAT were excluded. A total of 99 patients were included. The mean age was 61.6 years, 44.4% of the patients were male. Among these patients, 54.5% (n = 54) were using RAS inhibitors. Demographic, clinical variables and echocardiographic parameters on the first admission were compared between the ACEI/ARB user and nonuser groups ( Table 2 ). The demographic and clinical characteristics did not differ significantly between these groups. ACEI/ARB users had higher LAA fV compared with nonusers. No significant differences in LAA eV and LAAEF were observed between these two groups.
The occurrence of LAAT, SEC and echocardiographic parameters during the follow-up period between ACEI/ ARB users and nonusers are shown in Table 3 . The overall incidence of LAAT was 35.4% (n = 35). Among patients on RAS inhibitors, 25.9% (n = 11) developed an LAAT, compared with 46.7% (n = 21) in the nonuser group (p < 0.05, Table 3 ). Lower flow velocities in LAA, lower LAAEF and a higher prevalence of SEC were observed in the ACEI/ARB nonuser group compared with the ACEI/ ARB user group (Table 3) .
Subgroup analyses showed that LAAT incidence was significantly reduced in the ARB (n = 32) group when compared with the nonuser group (p = 0.026). However, there was no significant difference between the ACEI group (n = 22) and nonuser group in LAAT incidence (p = 0.247), while LAAT incidence tended to be reduced in the ACEI group compared with the nonuser group (31.8% vs. 46.7%). Furthermore, no significant difference was observed in incidence of LAAT between patients on ACEIs and those on ARBs (p = 0.413).
Kaplan-Meier LAAT free survival analysis displayed a reduced risk of LAAT in RAS inhibitor users compared with nonusers (log-rank test p = 0.032, Figure 2 ). Cox proportional hazards regression analysis was performed to identify the risk factors for LAAT (Table 4 ). Univariate analysis showed that age ⩾ 65 years, SBP, AF type, diabetes mellitus and prior stroke or TIA were positively associated with LAAT. The use of antiplatelet drugs and RAS inhibitors was negatively associated with LAAT (Table 4) . After controlling for other factors related to LAAT (age ⩾ 65 years, SBP, AF type, diabetes mellitus, prior stroke or TIA, antiplatelet drugs) the use of RAS inhibitors remained significantly associated with lower risk of developing LAAT (hazard ratio (HR), 0.368; 95% confidence interval (CI), 0.170-0.797; p = 0.011) ( Table 4) .
Discussion
AF is associated with a higher risk of thromboembolic events and stroke. 18 The pathophysiological mechanisms underlying thrombogenesis in AF are complex. Thrombus formation takes place in LA or LAA, and embolization can occur through the systemic circulation to the brain or other distant sites. Hypertension is one of the most prevalent independent risk factors for AF. 5 The RAS, through the pleiotropic actions of angiotensin II, plays a key role in the pathophysiology both of hypertension and AF. 7 Besides increases in blood pressure, the prothrombotic state in hypertension is also induced by activation of the RAS, leading to abnormalities in endothelial and platelet function, coagulation and fibrinolysis. 13, 14 Hypertension leads to increases in LA pressure, atrial dilation and alterations in wall stress. 28 Based on this modulation of the RAS cascade, RAS inhibition may be a potential therapeutic target for reducing thrombosis and stroke. In this retrospective cohort study, we found that the absolute risk reduction in LAAT for RAS inhibitor users was 20.8%. Our results thus indicate that the use of ACEIs or ARBs may prevent the occurrence of LAAT in patients with hypertension complicated by AF. To the best our knowledge, this is the first study to assess the prevention of LAAT formation by RAS inhibitors in patients with hypertension and AF. There are several pathophysiological mechanisms that could explain our findings. First, the RAS participates in structural remodeling and electrophysiological abnormalities in the cardiac myocardium. 29 which can increase the susceptibility to arrhythmia and the development of AF. [30] [31] [32] [33] Electrical, contractile and structural remodeling are dominant factors for AF genesis, and fibrosis plays a key role in structural remodeling in the heart. [34] [35] [36] Many clinical studies have shown that LA mechanical remodeling could result in thrombus formation in the LAA. [10] [11] [12] These findings are physiologically plausible, as atrial emptying tends to be attenuated with impaired LA function and increased LA fibrosis, causing atrial blood stasis and thrombus formation. 37 Upstream therapy for AF involving RAS inhibitors, such as ACEIs or ARBs, can reduce atrial stretch and fibrosis, which can potentially decrease the likelihood of developing AF. 38, 39 It is known that there are three types of LA mechanical function: reservoir, conduit and booster pump function. 40 The burden of LA fibrosis, analyzed by magnetic resonance imaging, shows an inverse correlation with LA strain evaluated by two-dimensional speckle tracking. 41 Moreover, LA systolic strain was suggested to be an independent predictor of LA reverse remodeling. 42 These results indicated that LA peak systolic strain is correlated with mechanical and structural remodeling of the LA and is helpful to assess LA reservoir function. 43 One study showed that LA peak systolic strain was significantly correlated with LAA eV in patients with AF. LA peak systolic strain decreased with progressive LA enlargement and increasing age. LA peak systolic strain thus appears to be a reliable marker for LAA dysfunction and thrombus formation in patients with AF. 44 Several studies suggested that the normal range of LA peak systolic strain is 42.2 ± 6.1%. 45 In our study, patients who used ACEI/ARB inhibitors had significantly greater LA peak systolic strain and LAA eV compared with those who did not use ACEI/ARB inhibitors. Inhibition of the RAS by ACEIs or ARBs appears to effectively improve LA function by reducing fibrosis and reversing remodeling. Moreover, an increasing body of evidence suggests a prothrombotic state following RAS activation. 13, 14 An extensive cross-talk connects coagulation and inflammation, and angiotensin II-induced vascular inflammation is a possible mechanism underlying the prothrombotic state. Also, RAS blockade has been proven to show anti-inflammatory effects. 19 AF is involved in systemic inflammation. Therefore, patients with hypertension complicated by AF are at greater predisposition to greater platelet activity and activation of coagulation cascades. Thus, the prothrombotic state can be synergistically promoted, and inhibition of the activated RAS by ACEIs or ARBs might be more effective in patients with AF complicated by hypertension than in patients without hypertension. Evidence for the protective role of some RAS inhibitors against athero-thrombotic cardiovascular disease has been well demonstrated. 14 For example, the Losartan Intervention For End Point Reduction in Hypertension (LIFE) study showed that hypertension patients with left-ventricular hypertrophy and AF benefited more from losartan compared with atenolol, a β-blocker, in preventing cardiovascular morbidity and mortality, stroke and cardiovascular death, even though equivalent blood pressure reductions were provided by both agents. 46 Several studies reported the antiplatelet, anticoagulant and profibrinolytic effects of losartan, which may explain the better prognosis of losartan in the LIFE study. [15] [16] [17] Another study showed that losartan's effects on inhibiting platelet activation were as high as aspirin. 47 Regarding coagulation activation and fibrinolytic function, our study investigated the association between two hemostatic markers (plasma D-dimer and fibrinogen) and RAS inhibitors. Higher levels of D-dimer and fibrinogen were observed in patients who did not receive ACEI/ARB inhibitor treatment compared to those who did.
Antithrombotic agents are routinely used for the prevention of thromboembolism in patients with nonvalvular AF. These include anticoagulant drugs, such as unfractionated heparin, low molecular weight heparin, warfarin, and direct thrombin and factor Xa inhibitors, as well as antiplatelet drugs such as aspirin and clopidogrel. 18 In our study, patients who were treated with anticoagulation therapy were excluded. Platelet inhibitors, alone or in combination, are less effective than warfarin, but are better tolerated by some patients, and are associated with a lower risk of intracerebral hemorrhage. Our study also showed that antiplatelet drug use was negatively associated with LAAT occurrence on univariate analysis. However, multivariate analysis by controlling for other risk factors related to LAAT showed the use of antiplatelet drugs was not significantly associated with LAAT (HR, 0.818; 95% CI, 0.391-1.710; p = 0.594).
Limitations
Our findings should be interpreted in light of the following limitations. First, this study population had a relatively small sample size with a limited number of events. Second, patients with prior antiplatelet therapy were not excluded. Third, because of the study's retrospective design, duration of ACEI/ARB use, the use of other antihypertensive drugs as well as antiarrhythmic therapy could not be assessed accurately. Fourth, it was not possible to assess the dose-response relationship in our study because many patients had frequent dosage adjustments. Finally, baseline characteristics show ACEI/ARB nonusers in the TTE group to have more nonparoxysmal AF and larger LA diameter, which could have influenced the study findings.
Conclusions
RAS inhibitors decreased the levels of D-dimer and fibrinogen and reversed LA remodeling in patients with hypertension complicated by AF. These in turn were associated with a reduction in the risk of LAAT. Larger-scale prospective studies are needed to explore the therapeutic effect of RAS inhibitors and the intra-class differences between ACEIs and ARBs on the thrombogenic process in patients with AF.
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